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RESEARCHMEMORANDUM 

for the 

Bureau of Aeronautics, Department of the Navy 

SUMMARY OF LOW-LIFT DRAG AND DIRECTIONAL STABILITY DATA 

0 FROM ROCKET MODELS OF THE DOUGLAS XF4D-lAIRPLANE 

WITH AND WITHOUT EX!I'ERNAL STORES AND ROCNEX' 

PACKETS AT MACH NDMBERS FROM 0.8 ~0 1.38 

TED NO. NACA DE-349 

By Grady L. Mitcham, Willard S, Blanchard, Jr., 
and Earl C. Hastings, Jr. 

A flight investigation is being made to determine the drag and sta- 
bility at low lift coefficients of $- scale models of the Douglas X??4D-1 

airplane at Mach numbers from 0,8 to 1.38. Included herein is a summary 
of the low-lift drag with and without external stores and rocket packets 
suspended below the wing by straight unswept pylons. Some qualitative 
values of directional stability and pressure recovery are also included. 

The drag break occurred at approximately a Mach number of 0.93 for 
the configurations tested. The external drag coefficient for the clean 
configuration was a constant value of about 0.011 at subsonic speeds 
and varied to about 0.038 at supersonic speeds. The addition of pour 
rocket packets to the basic model resulted in very little increase in 
external drag coefficient. The addition of two external stores in com- 
bination with the four rocket packets, however, resulted in an increase 
in external drag coefficient of about 0,005 at subsonic speeds and 0.011 
at supersonic speeds. The drag coefficient for the Douglas Aircraft 
Company, Inc., stores (based on maximum frontal area) which were tested 
independently of the model was nearly a constant value of 0.08 below 
the drag break which occurred at a Mach number of 0.97 an&then increased 
abruptly to 0.22 at a Mach number of 1.15. ?&& 
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Some qualitative values of total-pressure recovery of the duct indi- 
cate the losses to be small throughout the Mach number range covered by 
the tests. 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Department of the Navy, 
an investigation at transonic and low supersonic speeds of the drag and 
longitudinal trim characteristics of the Douglas xF4D-1 airplane is 
being conducted by the Langley Pilotless Aircraft Research Division. 
The Douglas XF&D-1 is a jet-propelled, low-aspect-ratio, swept-wing, 
tailless, interceptor-type airplane designed to fly at low supersonic 
speeds. 

As a part of this investigation, flight tests were made using rocket- 
propelled L- scale models to determine the effect of the addition of 

10 
external stores and rocket packets on the drag at low lift coefficients. 
In addition to these data, some qualitative values of the directional 
stability parameter CnS and duct total-pressure recovery are also 
presented. 
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SYMBOLS 

free-stream Mach number 

mean aerodynamic chord, ft 

Reynolds number (based on C) 

dynamic pressure, lb/sq ft 

included wing area of model, sq f-i; 

wing span of model, ft 

center-of-gravity location 

internal drag coefficient, Internal drag 
qs 

base drag coefficient, Base drag 
ss 

UNCUSSIFIED 
_ _. _. __.~ _ _.__. - ._ __ _ ~...  -- --- -- -- -- I-- 
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CDtotal 

CDexternal 

CL 

%  rim  

Cn 

P 

CnP 

P 

1, 

H/Ho 

total drag coefficient, Total drag 
cls 
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external drag coefficient, CD 
total - 'D -c 

internal 4, ase 

Lift lift coefficient, - 
qs 

trim  lift coefficient 

yawing-moment coefficient, Yawing moment 
qSb 

angle of sideslip, deg 

acn directional stability parameter, - 
aP 

period of short-period lateral oscillation, set 

moment of inertia in yaw, slug-ft 2 

duct total-pressure recovery 

MODELS AND APPARATUS 

Models 

Four&- scale models were flight-tested in this investigation. 

T170 were of the clean configuration, one had four rocket packets added 
and the other was tested with four rocket packets and two Douglas 
Aircraft store shapes, A  three-view drawing of the configurations 
tested is sholm in figure 1 with the location and dimensions of the 
rocket packets and stores sholm. Figures 2 to 4 are photographs of the 
models. The models were constructed of wood with aluminum inserts and 
castings. Dimensional and mass characteristics are given in table 1. 
A  fixed elevon deflection of 0,3O trailing edge up was used and the 
trimmer inboard of the elevons was not deflected, 

In order to determine the internal drag for each model, a choking 
cup was designed and installed at the duct exit. This installation made 
it possible to obtain a Mach number of 1.0 at the exit during the 

_ -._ ..~_. __ - -~. .-- .__ __.__ _....._...,..__- ___..__ _ ---- .- _... ..--_ -- 
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supersonic portion of the flight, An explanation of this cup installa- 
tion and the method of data reduction for internal drag is given in 
reference 1. 

The four rocket packets were suspended below the wing by straight 
unswept pylons. Each pylon was 2.90 inches long and the thickness ratio 
was 5.74 percent. Details of these pylons can be found in table II. The 
rocket packets were cylindrical in shape with an elliptical nose shape 
forward of the 23.7-percent body length and a parabolic tail section 
rearward of the 67.6-percent body length. The equation and ordinates of 
these sections are given in table II. The maximum diameter of the rocket 
packets was 1.03 inches and the fineness ratio was 8-4, 

Two straight unswept pylons were used to suspend the external stores 
below the wing. Each pylon was 3.15 inches long and had a thickness ratio 
of 10 percent. The two external stores were finned bodies of revolution 
having the standard Douglas Aircraft store shape. Each had a maximum 
body diameter of 2.1 inches at approximately the 35-percent body length 
and a fineness ratio of 8.56. The body, pylon, and fin ordinates are 
given in table II and a revolved cross section of the pylon is given in 
figure 1. Two stores were also tested independently of the model, A 
photograph of one of the stores is sholm in figure 5. 

The models were boosted to approximately M = 1-4 by a solid fuel, 
6.25-inch-diameter Deacon rocket motor which produced an average thrust 
of 6500 pounds for about 3.0 seconds. None of the models contained an 
internal rocket sustainer motor. Launching was accomplished from the 
zero-length launcher seen in figure 6. 

Apparatus 

During the flight of each model, a time history $as transmitted and 
recorded by means of a telemeter system. Eight channels of information 
were measured in each model. One clean model and the model with rocket 
packets and external stores were instrumented to obtain normal, longi- 
tudinal, and transverse acceleration, free-stream total pressure, inlet 
total pressure, inlet static pressure, exit static pressure, and choking- 
cup base pressure, In the model with rocket packets only, the trans- 
verse accelerometer was replaced by a free-stream static-pressure pickup. 
In the second clean model, the duct-pressure pickups were replaced by an 
angle-of-attack vane and a base-pressure pickup,, 

Free-stream temperature and static pressure were obtained from a 
radiosonde released at time of firing. Ground apparatus consisted of a 
CW Doppler radar set and a radar tracking unit which were used to deter- 
mine the model velocity and position in space. 
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Free-flight drag data for the stores alone were obtained by accel- 
erating the stores to low supersonic speeds by means of a six-inch-bore 
compressed helium gun and tracking them with a CW Doppler radar set. 
Figure 7 shows a sketch of one of the model assemblies as it appeared 
prior to being accelerated through the gun barrel. The balsa cradles 
were used to aline the models in the gun barrel. Plywood push plates 
were used to transmit the pressure force to the assembly and to serve 
as a pressure seal while the assembly was in the barrel. Once free of 
the barrel, the cradles and push plates separated from the models. 

A photograph of the compressed helium gun is shown as figure 8, 
After the model assembly was mounted in the breech, helium gas under a 
pressure of 200 pounds per square inch was allowed to expand rapidly and 
accelerate the model assembly through the barrel and into free flight 
at supersonic speed. 

REZXiX'S AND DISCUSSION 

The range of Reynolds number, based on the mean aerodynamic chord, 
covered by the tests is shown as a function of Mach number in figure 9. 
All coefficients presented, with the exception of the pylon and store 
drag, are based on a total wing area of 5.57 square feet. The pylon 
and store drag coefficients are based on the maximum cross-section area 
of the store. The range of trim lift coefficients for each of the tests 
is given in figure 10. For all data, the trim values of CL were less 
than fO.l. 

The telemeter records indicated no buffet or flutter oscillations 
during the flight tests. 

Drag 

The values for internal drag coefficient which are presented in 
figure 11 were obtained by the technique described in reference 1, 
Since only the duct inlet was geometrically similar to the full-scale 
airplane internally, the values of internal drag coefficient are not 
applicable to the full-scale airplane but were used to determine the 
external drag coefficient. These values of internal drag coefficient 
are a small percentage of external drag. 

The base drag coefficient Chase of the choking cup for each 
of the models is given in figure 12. This drag also represents only 
a very small portion of the external drag. Below M = 0,93, the gradual 

.__. - ..- _. __ _ . .._ _ _ ----- -~ _ _.---~* - ~- ~- -. _ 
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decrease in 
'Dbase 

for the model with external stores is within the 

accuracy of the instruments since the accuracies are somewhat reduced 
at subsonic speeds. 

The external drag coefficients for the models are shown in fig- 
ure 13. These values of external drag were obtained by the relat%on 

The duct mass-flow ratios for the models with external items and 
one of the clean models were a constant value of about 0,5 throughout 
the test speed range. This value was changed to approximately 0.6 for 
the second clean configuration. As can be seen in figure 13, this 
change in mass-flow ratio had no measurable effect on external drag, 

The drag break for all the configurations occurred at a Mach number 
of approximately 0.93 

c 
determined by assuming the drag break-occurs whert 

dCD - = 0.1 
dM ) 

, although the beginning of the drag rise for the model tested 

with two external stores in conjunction with four rocket packets was not 
so sharply defined as for the other tests. The small effect of external 
items on.drag break Mach number was also indicated by the wind-tunnel 
transonic-bump tests reported in reference 2 and also by the results 
reported in reference 3 although the wing used in that investigation 
was of different plan form than the tests reported herein. The drag 
data from reference 1 have been corrected for an increment in Mach num- 
ber of 0.02 on the basis of the pressure and flight-path measurements 
of the subsequent models tested. 

The external drag coefficient for the clean configuration was 
nearly a constant value of 0,011 from M = 0.8 to M = 0.93, then . increased abruptly to a value of 0.036 at M = 1.0 followed by a more 
gradual increase to a value of 0,038 at M = 1.25, Results from two 
tests of the clean configuration are shown plotted in figure 13. One 
of these models was tested primarily to obtain longitudinal-stability 
data. Excellent agreement, however, is shown between the external drag 
coefficients for the two models. Unpublished wind-tunnel results from 
tests of a 0.55-scale model of the clean airplane in the Ames 6- by 
6-foot supersonic wind tunnel are shown plotted in figure 13 for 
comparison. 

The addition of four rocket packets resulted in only a small increase 
in external drag coefficient throughout the Mach number range covered by 
the test. The addition of two external stores in conjunction with the 
four rocket packets, however, resulted in values of ACD which varied 
from 0,005 at M = 0.8 to 0.008 at M = 1.0 and to 0.011 at M = 1,2; 

~~. _.. _, __- ~~. ---L--.-.--..._.. - _- _.. 
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whereas the addition of rocket packets alone resulted in a value of ACD 
of less than 0.002 throughout the test speed range at the same Mach - 
numbers. 

Two factors possibly contributing to the high drag of this airplane 
are the sharp boattailing of the fuselage and the type of duct inlets 
used. The buckets in the drag curves at M = 0.965 are believed to be 
caused by pressure changes over the boattail which are probably the 
result of the formation of the shock wave on the afterbody. Tests of 
a parabolic body of revolution with a sharply convergent afterbody 
(ref. 4) indicated such changes of measured pressures over the boattail 
accompanied by buckets in the total drag coefficient. 

Drag coefficients for the two Douglas Aircraft stores that were 
tested alone were identical and are presented as a function of Mach num- 
ber in figure 14. These drag coefficients are based on the maximum 
cross-sectional area of the store and values from reference 5 are given 
for comparison. The drag coefficient for the store was approximately 
a constant value of o .08 below the drag-break Mach number of 0.97, 

' followed by an abrupt increase in CD to 0.22 at M = 1.15. Also 
included in figure 14 is store-plus-pylon drag and pylon-alone drag. 
The pylon-drag coefficient, based on maximum cross-sectional area of 

was estimated from the results presented in reference 6. 
interference drag attributed to the store-plus-pylon 

by subtracting the summation of the store-alone and 
drag from the increment in external drag contributed by 

Total-Pressure Recovery 

Three of the models tested in this investigation had a total- 
pressure tube and a static-pressure orifice located in the duct at a 
station 9.70 inches behind the inlet. The duct is shown in detail in 
the three-view drawing of reference 1. Forward of this station the 
duct was geometrically similar to the duct in the full-scale airplane. 
The purpose of these pressure tubes was to determine whether twin-duct 
flow instability existed for the two ducts discharging into a common 
duct. No twin-duct instability was indicated. 

The location of each total-pressure tube with respect to the duct 
wall is shown in figure 15 and was different for each model in order to 
get some indication of the profile of the total pressure across the duct 
at the station 9.70 inches behind the inlet. Since a thorough duct 
total-pressure survey was not made, the values of total-pressure recovery 
presented in figure 15 are qualitative but indicate only small losses in 
total-pressure recovery between Mach numbers of 0.80 and 1.30. 

__ ~-. ___ -- r .-__ .-.. _  
_  . 
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Directional Stability 

As previously mentioned in the section on instrumentation, three of 
the models were instrumented to record lateral force. Lateral oscilla- 
tions induced by disturbances at booster separation, trim change near 
M= 1.0, and possibly by rough air appeared on the r&corded flight-time 
histories of these models. These oscillations ha& been analyzed by 
the single-degree-of-freedom method of referent 7. 

4 
h21, Cn =- P p2sSb 

The equation given for Cn P 
is qualified in reference 6 as applying 

primarily to conventional designs. Method 3 of the same reference, 
however, presents a solution which includes the comparatively small- 
order stability derivatives which are neglected in the above equation. 

Values of Cnp obtained by this alternate method showed very good 
agreement with those obtained by the given equation. This result indi- 
cated that, for this configuration, the errors in Cn P due to neglecting 
the small-order stability derivatives were so small that the equation 
given previously was sufficiently accurate. Values of the rate of change 
of yawing moment with respect to sideslip CnS are shown in figure 16. 
Unpublished wind-tunnel results from tests of a 0.055-scale model of this 
airplane in the Ames 6- by 6-foot supersonic wind tunnel, corrected to 
a center-of-gravity position of 16.5 percent of the mean aerodynamic 
chord, have been plotted on this figure for comparison. Figure 16 shows 
a reduction in Cn 

P 
at Mach numbers between 0.95 and 1.15. The reason 

for this apparent decrease is not known. Data from the model with the 
center-of-gravity location at 0.17X indicated that the CnP values in 
the Mach number range between 0.85 and 0.98 were possibly erroneously 
high because of cross-coupling with an oscillation in pitch that is known 
to have occurred simultaneously with and at the same frequency as the 
lateral oscillation. A subsequent test, however, indicated that this 
apparent cross-coupling was not eliminated when the mass characteristics 
and center of gravity of the model were adjusted (center-of-gravity loca- 
tion of O.OggE) so that the pitch and yaw natural frequencies were not 
equal since the general nature of the variation of CnP with Mach num- 
ber did not change. It is not known whether this condition would exist 
on the full-scale airplane. The maximum angle of sideslip S of the 
models was approximately +l". 
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CONCLUSIONS 
\ 

L 

9 

The results obtained from flight tests at low lift coefficients of 
1 --scale models of the Douglas XF4D-1 airplane from a Mach number of 0.8 

10 
to a Mach number of 1.38 indicate the following conclusions: 

1. The drag-break Mach number was at approximately 0.93 for all 
configurations. The external drag coefficient for the clean configura- 
tion was nearly a constant value of 0.011 from a Mach number of 0.8 to 
a Mach number of 0.93 then increased abruptly to a value of 0.036 at 
Mach number 1.0, followed by a more gradual increase to a value of 0.038 
at Mach number 1.25. The increment in drag coefficient resulting from 
the addition of four rocket packets was less than 0.002 throughout the 
test speed range; whereas the addition of two external stores to the 
four rocket packets resulted in CD increments of 0.005, 0.008, and 0.011 
at Mach numbers of 0.8, 1.0, and 1.2, respectively. 

2. The drag coefficient for the Douglas Aircraft Company, Inc., 
stores which were tested independently of the model was approximately 
a constant value of 0.08 below the drag break which occurred at a 
Mach number of 0.97 then increased abruptly to 0.22 at a Mach number 
of 1.15. 

3. Losses in total pressure recovery between Mach numbers of 0.80 
and 1.30 were small. 
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TABLE I 

PHYSICAL CHARACTERISTICS OF A +SCALE MODEL 

OF THE DOUGLAS XF4D-lAIRPlANE 

Wing: 
Area (included), sq f-t ..................... 5.57 
Span,ft ........................... -3.35 . 
Aspect ratio .......................... 2.01 
Mean aerodynamic chord, ft ................... 1.82 
Sweepback of leading edge, deg ................. 52.5 
Dihedral (relative to mean thickness line), deg ........ 0 
Taper ratio (Tip chord/root chord) ................ 0.33 
Airfoil section at center line ..... NACA OOOT-63/30 - 9.50 mod. 
Airfoil section at tip ........ NACA 0004.5-63/30 - 6.6' mod. 

Vertical tail: 
Area (extended to center line), sq ft ............. 0.48 
Aspect ratio .......................... 2.08 
Height (above fuselage center line), ft ............. 1.00 
Sweepback of leading edge, deg ................. 66.6 
Taper ratio (Tip chord/root chord) ............... 0.26 
Airfoil section at root ............ NACA 0008-63/30 - 90 
Airfoil section at tip ........... NACA 0006-63130 - 6O45' 

Elevon: 
Area (one), sq ft ....................... 0.23 

. Span (one), ft ......................... 1.12 
Chord,ft ......................... ..0.2 2 

Weight and balance: Basic Basic Basic + Basic + 
model 1 model 2 rocket packets + 

clean clean packets stores 

Weight, lb . . . . . . . . . . 109.94 122.25 110.31 112.94 
Wing loading, lb/sq ft . . . . 19.75 21.93 lg.81 20.25 
Center-of-gravity position, 

percent C . . . . . . . . . 16.5 9.91 16.9 17.15 
Moment of inertia in yaw, 

slug-ft2 . . . 0 . 0 . 0 . 0 4.6 5.39 4.6 

National Advisory 
Committee For Aeronautic 

~~~~~~~~~~~~ 

-. __ _ .- _. ___-._ - ._ - _.._ _ .._ ~___ _.-~ ____ _._ 



11 
TABLE 2.-STOREAllDROCKCT PACKEFORDINATES 
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Figure l.- Three-view drawing of the model. All dimensions are in inches. 
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Figure 4.- Photograph of the model with four rocket 
- - rue1 stores. 

packets and two 



..: :*: :*t : : -8 
0 * ee 

cc., I - c 

, . “lb;, 
.: y ; 

&. . tr *“’ r )I. 
&< 

‘~-Ji& i 

9. 

$f “‘,.* ,r 
,;e&) . u I 

-_ 
7 

--. . 

I--- .., “-7 / 

-. 

Figure 5.- Photograph of the Douglas Aircraft Company store. 



0. 
e ae NACA RM SL52Gll 

Qc 
a *. 

D. 
l 

PO 

DO 
* 

BO 

,. 
. 

. 

r-2 

ILL 
/ 

+- _ ;‘.--z _, 
m 
r -< L ..-‘ : ; - ’ ! - ,, , b-i-,.ss~ _ 

‘I 

4 
i 

/” i 

/ _ ;] 
~ $ & 

f--y 
~ -r -4) 

. 

4 

: I 

/ . 
\ 

*< 
;, & (. 

Figure 6.- Photograph of one of the booster-model combinations on 
the launcher. 



--w--w-. . . e . e . 

Balsa cradle 
(4 sections) 

Plywood pushpl ate 
with Dural inserts 

Douglas Aircraft 

8.0 

Figure 7.- Douglas Aircraft store test assembly. All dimensions are 
in inches. 



__.. _.--.~ -.. _ 

. 

/ 
I, 

>- 
‘&-‘- -kL” 

$’ 
-- ,: 

*;- ’ - 1 ;,=zpk 

T/k? a .,~ 

p ;--; 
> _ - 

i 5r----l---\.,~~ _ :_/ p( y,’ . 
--h j iI 

i: ,; 1 T(7 <‘~*-~~~l.~ <- t 

I _ \.-,--. ,‘I 
--_ -.. ;/ 

/ 
_ , , 

i;-, 
p&y:: 

.“ 

(, .--* 

‘-;? ;’ 
_. ,?+ a. 

i : 

ii s 

j I-_ 

k-z& 
,l 

t ’ 
* I 
*\ 
‘2 

e 
. 

b 
. e 
e 
. 

0 
0 
0, 

I 0 .I 



see .*e e*. . i VW 
* . .O 

16 

82 
lz 
B” x 03 2 
4 si 
$4 02 

0 

4omplete=mode! ted 

/l-t-H 

.9 ILO I.1 
Mach numbergM 

I.2 1.3 I.4 

Figure 9.- Variation of Reynolds number with Mach number. 
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Figure lO.- Trim-lift coefficient. 
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Figure 13.- External-drag coefficient. 
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Figure 15.- Total-pressure recovery indicated by the tube located 
9.70 inches behind the duct inlet. 
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